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StaterocDt of Focus 



The Wisconsin Research and Development Center for Cognitive Learning 
focuses on contributing to a better understanding of cognitive learning by chil- 
dren and youth and to the improvement of related educational practices , The 
strategy for research and development is comprehensive. It includes basic re- 
search to generate new knowledge about the conditions and processes of learn- 
ing and about the process of instruction, and the subsequent development of 
research-based instructional materials, many of v^ich are designed for use by 
teachers and others for use by students. These materials are tested and refined 
in school settings. Throughout these operations behavioral scientists, curriculum 
experts, academic scholars, and school people interact, insuring that the results 
of Center activities are based soundly on knowledge of subject matter and cog- 
nitive learning and that they are applied to tl * improvement of educational 
practices . 

This Technical Report is from the Motivation arwd Individual Differences in 
Learning and Retention Project in Program 1, Conditions and Processes of Learn- 
ing. General objectives of the Program are to generate knowledge about concept 
learning and cognitive skills, to synthesize existing knowledge and develop gen- 
eral taxonomies, models, or theories of cognitive learning, and to utilize the 
knowledge in the development of curriculum materials and procedures. Con- 
tributing to these Program objectives, this project has these objectives: to de- 
termine the developmental role of individual differences and motivation-attention 
in the learning and memory process and to ascertain at what age certain indi- 
vidual differences become important in learning and memory and at what age 
certain motivation-retention relationships emerge; to develop a theory of indi- 
vidual differences and motivation in learning and memory; and to develop prac- 
tical means, based on the knowledge generated by the research, as well as 
synthesized from other sources, to maximize the retention of verbal material. 
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Abstract 



This experiment tested the hypothesis that paired-associate learning accom- 
panied by high arousal should lead to stronger permanent memory and weaker 
immediate memory than paired-associate learning accompanied by low arousal. 
During continuous recording of skin resistance and heart rate as measures of 
arousal, 32 Ss were given a one-trial, eight-item paired-associate task consist- 
ing of 0% association value nonsense syllables as stimulus terms and the digits 
2 to 9 as response terms. The Ss were tested for recall following either a 2.87- 
min. or 24- hr. interval. When skin resistance was used as a measure of arousal, 
the results confirmed the hypothesis. There was a significant interaction (p < 
.001) between arousal level and time of recall under conditions of high- and low- 
arousal as defined by amount of galvanic skin response deflection. Retention for 
material learned under low arousal decreased rapidly over 24 hours. High-arousal 
learning, on the other hand, showed a marked reminiscence effect. Arousal level 
as defined by heart rate, however, showed no significant effects on retention. 

The manipulation of arousal was undertaken through the use of 75 db. white 
noise as has been done in previous experiments. The present research failed to 
show any significant effects of white noise during learning on either recall or 
physiological measures. 



I 

Introdnctioii 



within the past 15 years electrophysio- 
logical research has brought to light many new 
facts about arousal and retention. Psycho- 
physiological studies concerned with verbal 
learning have indicated that verbal learning 
as opposed to a resting or control condition 
is characterized by increased activity in the 
electrocardiogram (EKG), galvanic skin re- 
sponse (GSR), electromyogram (EMG), and 
electroencephalogram (EEG) (Andreassi & 
Whalen, 1967; Eason, Harter. & Storm, 1964; 
Thompson & Obrist, 1964). After learning is 
completed or during overlearning, physiologi- 
cal levels return toward control levels {An- 
dreassi & Whalen, 1967; Eason, Harter, & 
Storm, 1964; Thompson & Thompson, 1965). 
There is also evidence that maximum physio- 
logical changes occur during the active phase 
of learning. Support for this conclusion comes 
from Thompson and Obrist (1964) who found 
maximal EEG arousal activity occurring at a 
time when correct responses for serial learn- 
ing material are first elicited, from Kintsch 
(1965) who found GSR to be at maximum 
strength during an intermediate stage in 
paired-associate (PA) learning before items 
had entered a reliable learning state, and 
from Brown's (1937) report that GSR deflec- 
tions associated with those trials in which 
the Ss made the wrong response or no antici- 
pation were greater factors in the correlation 
between total magnitude of GSR per syllable 
and the order of learning than were the re- 
sponses associated with those items in which 
the correct anticipation was made. An experi- 
ment by Freedman, Hafer, and Daniel (1966) 
also suggested that the increased arousal 
associated with learning and the following 
reduction of arousal after learning is not due 
solely to a reduction of anxiety or habituation 
to the stimuli but is indeed associated with 
learning. The authors found systematic EEG 
changes in the PA learning group occurring 



in advance of the behavioral changes indicated 
by response probability. That is, arousal as 
indicated by alpha EEG desynchronization de- 
creased before the S began to choose the right 
response. 

Quite conceivably, these physiological 
changes reflect variations in attention during 
the course of learning. When Ss are attending 
to the material to be memorized there is a cor- 
responding increase in physiological activity. 
When Ss are not attending either because they 
have already learned the material or are not 
yet prepared to, the physiological indicants 
of activation are not as high as when learning 
is taking place. 

Although it seems relatively well estab- 
lished that physiological indicants of activa- 
tion are maximal during the active phase of 
leaning, the question, and issue, remains: 

What is the most optimal p.hysiological leve. 
for learning? Several studies have dealt with 
the relationship between physiological activa- 
tion level and the efficiency of memorizing 
verbal material. Brown (1937) considered the 
relation between gross skin resistance levels 
and the speed of learning nonsense syllables. 

A correlation of +.25 ± .14 (N = 18, N.S.) was 
obtained between the resistance at the begin- 
ning of the learning situation and the efficiency 
of learning as measured by the number of trials 
required for one successful completion. A cor- 
relation of +.57 ± .10 (N = 18. p < .01) v/as ob- 
tained between the resistance level at the end 
of the experiment and the number of trials re- 
quired to complete the problem. In other 
words, the greater the arousal, especially at 
the end of the experiment, the faster the serial 
learning. 

Furth and Richart (1961), employing 40 Ss, 
measured skin conductance and pulse pressure 
from Trial 1 to 10 on a serial learning task. 

From Trial 1 to 10, there was a steadily in- 
creasing average learning score and a steady 



rise of average conductance level for the 
group as a whole (r = +.92, /> < ,001), Con- 
versely, pulse pressure diminished and cor- 
related negatively with average learning score 
(r = -.92, p < .001). A low pulse pressure is 
generally associated with arousal (Rudolf, 

1955). It should be noted that by the tenth 
trial none of the Ss used in the data analysis 
had yet reached criterion. 

Composite scores of pulse pressure and 
slcin conductance level indicated that a high 
Initial activation level was significantly as- 
sociated with better serial learning. Similarly, 
a high extreme composite score during serial 
learning was associated with significantly 
better serial learning as compared to low 
composite score‘s. It is interesting to note 
that only the composite scores, not pulse 
pressure or skin conductance alone, yielded 
significant results. 

Berry (1962) measured skin conductance 
during exposure to 30 PA's and found that re- 
call was highest inSs with intermediate con- 
ductance levels. Thus the data in Berr^^'s 
study described the relationship between 
arousal and performance as an inverted U- 
shaped curve. 

Kleinsmith, Kaplan, and Tarte (1963) 
replicated Berry's design using 30 PAs. For 
the 6-min. recall, which was used by Berry, 
the relationship between recal) and conductance 
was again described by an inverted U-shaped 
curve. But, forSs tested for 1- week retention, 
the relationship between recall score and log 
conductance level was linear (r = +.54, p < 

. 01 ). 

These results have been interpreted as 
support for the notion suggested by Hebb 
(1949) that learning involves a consolidation 
process based on a dual physiological proceii^, 
i.e., reverberation of neural circuits comprising 
the memory trace, followed by organic change 
between nerve cells. Under conditions of low 
arousal, relatively little nonspecific neural 
activity will be available to support the re- 
verberating trace which will result in little 
consolidation and poor long-term retention. 
Under conditions of high arousal, the in- 
creased nonspecific neural activity will re- 
sult in more reverberation and long-term re- 
tention will therefore be better. While this 
increased reverberation is taking place, how- 
ever, recall may be poorer because the memory 
trace is relatively inaccessible to the organism. 
Thus at short-term retention, recall of those 
items learned under high arousal should be 
inferior to recall of those items learned under 
low arousal. 

Other studies (Batten, 1967; Kleinsmith 



& Kaplan, 1963, 1964; Levonian, 1967; Walker 
& Tarte^ 1963) have continued to reveal an 
interaction between arousal level and time of 
recall. Learning under conditions of low 
arousal has demonstrated a typical forgetting 
curve; immediate recall is excellent but re- 
tention decreases rapidly with time. High- 
arousal learning, on the other hand, has demon- 
strated reminiscence or a marked resistance 
to forgetting. 

In a later experiment, Kleinsmith and 
Kaplan (1963) gave six groups a single learn- 
ing trial on eight PA's while recording skin 
resistance as a measure of arousal. The 
stimulus words rape, vomit, exam, 

dance, money, love, and swim were expected 
to produce different levels of arousal. The 
response items were single digits from 2 to 9. 
The different groups were then tested for re- 
call at intervals of 2 min., 20 min., 45 min., 

1 day, and 1 week. A color- naming task was 
used to separate the arousal effects from one 
stimulus slide to the next. Any drop in the 
S's skin resistance which occurred within 4 
sec. of presentation of a given word was con- 
sidered an arousal deflection. Each of the S's 
eight GSR deflections were then ranked. The 
three highest deflections were designated as 
high-arousal learning and the three lowest as 
low-arousal learning. Thus two items for 
each S were omitted from the data analysis. 

The authors found a significant interaction 
between arousal level and time of recall. At 
immediate recall (2 min.), digits associated 
with the three lowest GSR deflections were 
recalled significantly more than numbers as- 
sociated with the three largest GSR deflections. 
However, for recall at 45 min. through 1 week, 
this relationship was reversed. 

To test the independence of the arousal 
phenomenon from the association value or 
other qualities unique to the stimuli in the 
Kleinsmith and Kaplan (1963) study, Kleinsmith 
and Kaplan (1964) essentially replicated their 
previous study substituting six nonsense 
syllables of 0% association value for the 
stimuli while retaining single digits from 2 
to 7 as the response items. Recall Intervals 
were 2 min., 20 min., and 1 week. The re- 
sults were similar to their earlier findings. 

The high-arousal learning condition, again 
defined as the three greatest GSR deflections, 
demonstrated reminiscence. Low-arousal 
learning, on the other hand, showed decreased 
recall over time. A frequency distribution of 
the six nonsense syllables in terms of their 
high- or low-arousal classification showed 
no systematic trend. That is, a nonsense syl- 
lable that was associated with a small GSR 
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deflection for one S was just as likely asso- 
ciate V itl. a small GSR for another S, 

* ftvonian (1967) has found the same rela- 
tion:^n)p between arousal measured by GSR 
and retention of material presented in a traffic 
safety film. Although the results were not 
significant, information presented during high 
arousal (defined as a resistance decrease of 
at least half a standard deviation during the 
midpoint frame associated with the event to 
be remembered) led to poor short-term reten- 
tion and enhanced long-term retention. Low- 
arousal learning, defined as a resistance 
decrement not included in the high-arousal 
category, showed the opposite trend. How- 
ever, it should be noted that the same Ss 
were tested for bc.Lh short-term and long-term 
retention. 

Walker and Tarte (1963) partially repli- 
cated the Kleinsmith and Kaplan studies using 
homogeneous lists of high- and low-arousal 
words. Words defined a priori as high-arousal 
were money, rape, slut, embrace, kiss, 
vomit, passion, and sex. The low-arousal 
words were white, pond, berry, flower, walk, 
pencil, glass, and carrot. Response items 
were the digits 2 through 9. The interval be- 
tween learning and recall was 2 min. for one 
group, 45 min. for another, and 1 week for a 
third group for each list. The data were first 
analyzed on the basis of the a priori desig- 
nation of high and low arousal. Results 
showed that the predicted difference at im- 
mediate recall was not significant although 
the differences between the long-term recall 
scores for the high- and low-arousal words 
were in the predicted direction and significant. 
However, when the authors employed the same 
type of analysis used by Kleinsmith and Kaplan 
(1963, 1964), designating for each S the three 
words producing the lowest deflection as low 
arousal and the three words producing the 
greatest deflection as high arousal, there 
were significant differences in the expected 
direction in both long-term and short-term 
recall. 

It is possible that arousal is present 
during both learning and recall. For example, 
a stimulus that was highly arousing when pre- 
sented during the learning trial could be ex- 
pected to retain some of its arousal value 
when presented again for the recall test. This 
increased arousal at recall could be the de- 
terminant in better long-term retention rather 
than a stronger memory trace due to persevera- 
tlve consolidation. In other words, better 
retention of high-arousal items may be due to 
the arousal induced by the stimuli at the time 
of recall rather than the result of a stronger 
memory trace due to consolidation. 



Since the Hebb theory of consolidation 
implies that any nonspecific arousal that is 
fed into the system will facilitate consolida- 
tion and thereby aid long-term retention, it 
would seem possible to use a means of in- 
ducing arousal that was not inherent in the 
learning material. In this way, one would be 
able to separate the effects of arousal during 
learning from arousal during the recall test. 

Batten (1967) manipulated arousal through 
the use of drugs. High-arousal Ss were ad- 
ministered 10 mg. of dexedrine (a centrally 
active stimulant) 1 hour before the learning 
session and also given ego- involving instruc- 
tions. The low- arousal Ss were given 10 mg. 
of phenobarbital (a centrally active depres- 
sant). After one presentation of eight word- 
number pairs, Ss were tested for recall at one 
of the following intervals: 2 min., 20 min., 

45 min., 1 day, and 1 week. Although the re- 
sults were in the direction found by the Mich- 
igan group (Kleinsmith & Kaplan, 1963, 1964; 
Walker & Tarte, 1963), a Duncan Multiple 
Range Test indicated no significant differ- 
ences. 

Berlyne, Borsa, Craw, Gelman, and Man- 
dell (1965) and Berlyne, Borsa, Hamacher, and 
Koenig (1966) used white noise as a means 
of manipulating arousal. The assumption that 
white noise is arousing is supported by the 
evidence that white noise activates the reti- 
cular arousal system (Berrien, 1946; Costello 
& Hall, 1967; Gibson & Hall, 1966) and the 
finding that continuous white noise raises 
skin conductance and keeps it raised for at 
least 10 to 15 min. before the effect habituates 
(Berlyne & Lewis, 1963). 

Berlyne et al. (1965) used white noise as 
an arousal maiiipulation during PA learning 
and/or during recall. Four half-lists of nine 
items each were constructed using adjectives 
as stimuli and male first names as responses 
Half of the Ss went through three training 
trials on two of the lists under white noise 
conditions and were given the remainder of 
the lists while white noise was either present 
or absent. The other Ss went through a se- 
quence of events with the necessary counter- 
balancing to control for order of presentation 
of white noise and no vdiite noise. Berlyne 
et al. found that on the training day there was 
significantly less recall for items learned 
under white noise than for items learned with 
no white noise. On the test day 24 hours 
later, however, items learned under white 
noise the day before were recalled signifi- 
cantly more often than non-white- noise items. 
Contrary to the findings of the Michigan group, 
high-arousal learning did not show a reminis- 
cence effect. The difference made by the 



presence or absence of white noise during the 
test trial was not significant. 

In another PA experiment, Berlyne et al. 
(1966) again used single dysyllabic adjectives 
as stimulus terms and single dysyllabic male 
names as response terms. Noise conditions 
were varied so that noise appeared only dur- 
ing the presentation of the stimulus, during 
the interval between items, during the presen- 
tation of the stimulus and response, or not 
at all. They found that the presence of white 
noise during the presentation of stimulus and 
response terms in training trials significantly 
increased recall in a test trial given 24 hours 
later. Whether white noise was present or 
absent after the response made no significant 
difference on the 24-hour retention measure. 
Berlyne also found that during training on 
Day 1, white noise under all presentation 
conditions had no detrimental effect on recall. 
This finding is contrary to the previous find- 
ings of Berlyne et al. (1965) and Kleinsmith 
and Kaplan (1963, 1964) in which arousal had 
a detrimental effect on immediate recall but 
enhanced long-term recall relative to the 
nonarousal condition. 

Haveman and Farley (1969), using white 
noise to manipulate arousal during PA, serial, 
and free learning, found that arousal during 
learning led to significantly better 24-hour 
recall following free learning. 

One difficulty with the white noise 
studies is the absence of correlative physio- 
logical evidence that white noise is an ef- 
fective arousal stimulus. There have been 
at least two studies (Obrist, 1963; Lacey, 
1963) indicating that white noise with a 
fluctuating db. level causes heart rate de- 
celeration, a phenomenon that traditionally 
has not been associated with a general state 
of arousal. 



The bulk of the foregoing studies employ- 
ing arousal-producing stimulus terms, drugs, 
and white noise suggest that arousal facili- 
tates long-term recall. One inconsistent 
finding of the studies cited has concerned the 
relationship of arousal and immediate recall. 
The Michigan group (Kleinsmith & Kaplan, 
1963, 1964; Walker & Tarte, 1963) and Berlyne 
et al. (1965) have found arousal to have a 
detrimental effect on immediate recall. On 
the other hand, Alper (1948), Farley (1968), 
Haveman and Farley (1969), and Berlyne et al. 
(1966) found arousal to have no significant 
inhibiting effect on immediate recall. 

The present experiment was designed to 
extend the study of arousal and retention 
through the concurrent measurement of two 
physiological responses, GSR and heart rate, 
during PA learning, with immediate and long- 
term recall tests. Such a study would repre- 
sent an extension of the within-S arousal 
analysis reported by Kleinsmith and Kaplan 
(1964). 

Additionally, the present study w^as de- 
signed to separate the effects of arousal 
manipulation during learning from the recall 
trial by using white noise as a means of 
manipulating arousal only during the learning 
trial. In order to delimit the effects of white 
noise, and thus presumably of arousal, S's 
GSR and heart rate were recorded while learn- 
ing under a noise or no-noise condition. 

From the theoretical relationships eluci- 
dated above between arousal and consolida- 
tion, it was predicted that high arousal during 
learning would lead to poor immediate recall 
but superior long-term recall relative to low- 
arousal learning, where it was expected that 
superior immediate recall but poor long-term 
recall would be obtained relative to recall 
following high-arousal learning. 
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Method 



Sub{ects 

The Ss were 32 students from an intro- 
ductory course in educational psychology at 
the University of Wisconsin. There were 14 
males and 18 females. Each S participated 
as part of a 3-hour laboratory requirement, 
although some choice was involved in that 
they could have participated in other studies. 



Procedure 

The S s were given a single learning trial 
with a list of eight nonsense syllable-number 
pairs. The following eight 0% association 
value nonsense syllables were used; CEF, 
QAP, TOV, JEX, DAX, SIJ, LAJ. and FEH. The 
response items were single digits &om 2 to 9. 
Six of these nonsense syllable-number pairs 
were used in the Kleinsmith and Kaplan (1964) 
study. 

A Kodak Carousel slide projector with 
an exposure time of 5 sec. was used to pre- 
sent the stimuli. Kleinsmith and Kaplan (1964) 
had used a 4-sec. Interval. The procediue 
reported by Kleinsmith and Kaplan was fol- 
lowed. During the training trial, S was pre- 
sented the nonsense syllable alone for 5 sec., 
followed by a 5-sec. period in which the 
nonsense syllable was repeated with a single 
digit response. In order to separate the 
arousal effects from one PA to the next, two 
slides containing five colors ‘%ach were in- 
serted between the PAs for 5 sec. each and 
S was instructed to name the colors. Red, 
green, orange, blue, black, and yellow vvere 
used randomly on these slides. Three colors 
appeared on the top row and two colors ap- 
peared on the bottom row. 

Following Kleinsmith and Kaplan, the S 
was instructed to concentrate carefully on 
both colors and nonsense syllable-number 



pairs as he called them out loud, but to avoid 
rehearsal S was not told that he would be 
tested for recall. Rather, the £'s interest in 
the physiological correlates of attention was 
emphasized. The Ss under a white noise con- 
dition were told that the noise would block 
out any sound that might come from outside 
the experimental room. A Grason-Stadler 
Model 901B white noise generator and a Tele- 
phonies TDH 39 binaural headset were used 
to deliver 75 db. of white noise. Reference 
level was 2 dynes/cm^. The choice of 75 db. 
of white noise wan based on Berlyne's use of 
this level (Berlyne et al., 1966). Onset of 
white noise began with presentation of the 
first PA stimulus item and terminated 5 sec. 
after presentation of the last color slide. 

During the recall session S was instructed 
to indicate the correct number for each non- 
sense syllable as it appeared and to guess 
if he was uncertain. Colors were not used 
as an Interpolated task as in the training 
trial. 



Design 

Each of the Ss was randomly assigned to 
noise (noise vs. no noise) and recall (short- 
term vs. long-term) conditions. Half of the 
Ss in each condition were tested 2.87 min. 
after the presentation of the first PA stimulus 
and the other half were tesied 24 hours later. 

To control for serial order effects, eight 
different training lists were used. Each list 
was given to one S in each group. Assign- 
ment of list to S was random within groups. 
The lists were designed so that each of the 
eight nonsense syllables appeared once in 
each position in the list. The order of the 
recall lists was varied in the same manner. 
Each training list was systematically as- 
signed a particular recall list such that the 
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order of Items was different between the two 
lists. 



Materials and Equipment 

In order to determine the specific arousal 
effects of white noise vs. no white noise and 
also the arousal state during presentation of 
each PA, three channels of bioelectric informa- 
tion were concurrently recorded during leam ng. 

A Grass Model 7 polygraph was used tc^btain 
continuous records of GSR, heart rate (HR), 
and respiration. The electrodes used to record 
the galvanic skin response were of the zinc 
variety used by Lykken (1959). Electrtrfe 
paste was inserted In the center of a boholl s 
No. 453 foot pad to control for area of skin 
contact. After the fingers had been mbbed 
with alcohol, electrodes were placed on the 
first and third fingers of the left hand. 

Heart rate in beats per minute was mea- 
sured with a cardiotachometer on an arm to 
arm (inner forearm) lead using Johnson and 
Johnson disposable electrodes, with the ground 
electrode being a clip lead attached to the 
left ear lobe. To eliminate artifactual re- 
sponses from the record, respiration was re- 
corded by strapping a chest beUow around 
the S's waist. Electrodes and recording ap- 
paratus also were used during the recall ses- 
Sion to insure constancy of conditions although 
no physiological measures were actually taken. 



Dato Anolysis 

The physiological data for each S were 
quantified as follows; Separate estimates of 
resting and learning levels of HR and skin 
resistance level were obtained. Resting level 
was sampled for 2 min. after the S had been 
given 10-15 min. to adjust to the experimental 
situation. An estimate of resting skin resistance 
level was obtained by averaging the lowes 
value in each 30-sec. interval (Obrist, 1962). 



The mean of the six fastest HR's for each 30- 
sec. interval was designated as the S s rest- 
ing HR. This measure of HR has 
in a previous study to correlate with total HR 
at. or above, +.98 (Lacey & Smith, 1954). 

Those 30-sec. periods of resting HR were 
omitted during which marked deviations (i.e. 
coughing, holding breath, etc., as indexed by 
the pen deflecting out of range or its channel 
span) were evident from the record of res- 
piratory activity (Obrist, 1962). 

An estimate of learning skin resistance 
was obtained by averaging the lowest resistance 
value in each 20-sec. interval for the duration 
of the learning task (2.67 min.). Similarly, 
the average six highest heart rates for each 
20- sec. interval was used as an estimate of 

learning HR. 

An additional analysis was performed on 

the physiological learning data. Any drop in 
a S's GSR which occurred within 20 sec. o 
presentation of a nonsense syllable was con- 
sidered an arousal deflection. This 20-sec. 
interval has been found to be in the «nge 
yielding the best prediction for recall (Kap n 
& Kaplan, 1968; Levonian, 1966). Each S s 
eight GSR deflections were then ranked. The 
three highest deflections for each S were 
designated high-arousal learning and the 
three lowest were designated low-arousal 
learning. In case of ties, a deflection oc- 
curring at a low level of absolute skin re- 
sistance was considered higher arousal than 
a similar deflection occurring at a higher ab- 
solute level. 

The mean of the six fastest heart beats 
which occurred within 20 sec. of presentation 
of each of the eight nonsense syllables for 
each S was determined and these eight means 
were then ranked. For each S the three high- 
est average heart rates were considered to 
be high arousal and the three lowest as low 
arousal. 

In the PA task, the recall score was simply 
the total number of correct responses provided 
during the recall test. 
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Results 



Arousal level as defined by both HR and 
GSR was significantly greater during learning 
than during rest. Mean HR during the rest 
condition was 81.6 beats per minute. This in- 
creased to 85.0 beats per minute during learn- 
ing. Analysis of variance on the resting and 
learning HR data yielded F(l,28) = 10.27, < 
.003, as shown in Table 1. Average skin re- 
sistance was 243K ohms during rest and 167K 
ohms during learning. Again, as summarized 
in Table 2, these differences were highly sig- 
nificant: F(l,28) = 55.38, p < .0001. 

Product- moment correlations were obtained 
between all autonomic and learning measures 
for the 32 Ss. The data were ordered so that 
for HR, a positive correlation would indicate 
an increase in performance (recall) accom- 
panied by an increase in HR sympathetic-like 
activity. For GSR, however, a positive corre- 
lation between GSR and recall score would 
indicate superior performance accompanied by 
lower sympathetic-like activity. Change for 
both HR and GSR is the difference between a 
S's resting and learning physiological level. 
These results are summarized in Table 3. The 
complete correlation matrix appears in Table 
14 in the Appendix. Correlations were also 
computed separately for the noise (N = 16) 
and no noise (/iT = 16) conditions. These 
matrices can be found in Table 15 and Table 
16, respectively, in the Appendix. 

A strong correlation of .804 (p< .001) 
was found between basal and learning GSR. 
Likewise, there was a high positive correla- 
tion (.815, p < .001) between basal and learn- 
ing HR. There was also a significant correla- 
tion of .633 {p < .001) between a S*s basal 
GSR and the amount of change from the basal 
to learning condition. The more sympathetic- 
like activity or the less resistance, the less 
change in the direction of more arousal from 
the basal to learning condition. In other words, 
the higher the basal level of functioning, the 



Table 1. Analysis of Variance on HR for 
Basal and Learning Conditions 



Source 


df 


MS 


F 


Basal 


1 


185.64 


10.27* 


Error Within 


28 


18.07 





< .003 



Table 2. Analysis of Variance on GSR for 
Basal and Learning Conditions 



Source 


df 


MS 


F 


Basal 


1 


93253.95 


55.39* 


Error Within 


28 


1683.59 





*/> < .0001 



smaller the response to the learning situation. 
This relationship did not seem to apply for HR. 

In general, linear correlations between 
total recall and any of the GSR or HR variables 
were very low, and none reached significance. 
It is Interesting to note that the correlation 
between basal GSR and basal HR is extremely 
low (.066). The same low degree of correla- 
tion applies to learning GSR and learning HR 
(.166). 

To determine the effects of white noise 
vs. no white noise during learning, analyses 
of variance were performed cn the recall, HR, 
and GSR data . The mean correct recall for the 
short-term retention Interval was 2.00 items 
(25%) for items learned under noise and 2,38 
(30%) for items learned under no noise. Mean 
long-term correct recall was 1.88 (23%) for 
items learned under the noise condition and 
1.75 (22%) for items learned under no noise. 
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Table 3. Product- Moment Correlations for HR, GSR, and 
Recall Variables 



Variables 


Correlation 


Significance 


Basal GSR — Learning GSR 


.804 


P < .001 


Basal HR — Learning HR 


.815 


p < .001 


Basal GSR — GSR Change 


.633 


p < .001 


Basal HR — HR Change 


-.026 




Learning GSR — GSR Change 


.084 




Learning HR — HR Change 


.326 




Total Recall — Basal GSR 


.189 




Total Recall — Basal HR 


.166 




Total Recall — Learning GSR 


.259 




Total Recall — Learning HR 


-.069 




Total Recall — GSR Change 


-.055 




Total Recall — HR Change 


-.331 




Basal GSR — Basal HR 


.066 




Learning GSR — Learning HR 


.166 




GSR Change — HR Change 


-.116 





40 




Fig. 1 . Differential recall of paired 
associates as a function of noise condition. 



These results plotted in Figure 1 where it 
can be seen they are in the predicted direc- 
tion. The analysis of variance of these data 
is summarized in Table 4. It is clear from 
Table 4 that no significant effects due to the 
retention interval, noise condition, or their 
interaction were obtained. 

Turning to the effects of noise on GSR, 
the mean GSR during noise was 166K ohms, 
whereas during no noise the mean was I67K 
ohms. The analysis of variance of these data 
is summarized in Table 5, where it can be seen 
that this difference did not achieve significance. 
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Table 4. Summary of Analysis of Variance on 
Total Recall Scores for Recall 
Interval and Noise Condition 



Source 


df 


MS 


F 


Noise Condition 


1 


.1250 


.192 


Recall Interval 


1 


1.1250 


1.726 


Noise X Recall 


1 


.5000 


.767 


Error Within 


28 


.6518 





Table 5. Analysis of Variance on GSR dvurlng 



Learning for Noise Condition 


Source 


df 


MS 


F 


Noise 


1 


922.64 


.55 


Error Within 


28 


1683.59 




Table 6. Analysis of Variance on HR during 


Learning for I 


se Condition 


Source 


df 


MS 


F 


Noise 


1 


11.39 


.63 


Error Within 


28 


18.07 





Where HR was concerned, the mean HR dur- 
ing learning was 86 beats per minute for the 
noise condition and 84 beats per minute for the 
no- noise condition. This difference was not 
significant as can be seen from the analysis 
of veuriance of these data summarized in Table 6. 



O 

ERIC 



16 



The effect of noise on GSR change from 
the resting to learning condition was analyzed, 
with a mean GSR change of 84K ohms and 75K 
ohms being obtained for the noise and no- 
noise conditions, respectively. The analysis 
of variance of these data is summarized in 
Table 7, where it can be seen that this differ- 
ence did not achieve significance. 

The effect of noise on HR change from the 
resting to learning condition was likewise 
analyzed, with a mean HR change of 5.50 beats 
per minute and 4.06 beats per minute being 
obtained for the noise and no-noise conditions, 
respectively. This difference was not signifi- 
cant as can be seen from the analysis of vari- 
ance of these data summarized in Table 8. 

Since analysis of variance on the noise 
variable yielded no significant results, an 
analysis of the data similar to that of Kle in- 
smith and Kaplan (1964) was employed. That 
is, high- and low-arousal conditions during 
learning were based on a wlthin-S analysis, 
with the three greatest deflections to stimulus 
terms in the eight-item list representing high 
arousal and the three lowest GSR deflections 
representing low arousal. Mean correct re- 
call for items learned under the high-arousal 
condition was .625 (21%) for short-term reten- 
tion and 1.188 (40%) for long-term retention. 
Mean recall for items learned under low 
arousal was .813 (27%) for short-term reten- 
tion and .438 (15%) for long-term retention. 
Figure 2 illustrates the relationship between 
high- and low-arousal learning as a function 
of recall interval. Learning under high- and 
low-arousal defined by amount of GSR deflec- 




Flg. 2. Differential recall of nonsense 
syllables as a function of GSR arousal level. 



Table 7. Analysis of Variance on GSR Change 
from Resting to Learning for 
Noise Condition 



Source 




df 


A/S F 


Noise 




1 


639.03 .21 


Error Within 


28 


3069.86 


Table 8. 


Analysis of Variance on HR Change 
from Resting to Learning for 




Noise Condition 




Source 




df 


MS F 


Noise 




1 


16.53 .74 


Error Within 


28 


22.50 



Table 9. Summary of Analysis of Variance on 
Recall Scores for Recall Interval 
and Arousal Condition Defined by 
GSR Deflection 



Source 


df 


MS 


F 


Between Subjects 


Noise 


1 


.141 


.412 


Recall 


1 


.141 


.412 


Noise X Recall 


1 


.141 


.412 


Error Between 


28 


.342 




Within Subjects 


Arousal 


1 


1.266 


2.821 


Arousal X Noise 


1 


.016 


.035 


Arousal X Recall 


1 


3.516 


7.836* 


Arousal X Recall X Noise 


1 


.141 


.313 


Error Within 


28 


.449 





p < .001 



tion revealed a significant interaction [p < 
.001) between arousal level and time of recall, 
as summarized in Table 9. Retention for ma- 
terial learned under a low-arousal state de- 
creased rapidly over 24 hours. High-arousal 
learning, on the other hand, showed a marked 
reminiscence effect over 24 hours. The sig- 
nificant interaction is primarily attributable 
to the effect of the 24-hour condition (f (15) = 
4.095, p < .001). The difference between high- 
and low-arousal retention at short-term re- 
call was not significant (f(15) = .779). 

The proportion of the variance, ac- 
counted for by differences between the hlgh- 
and low-arousal conditions under 24-hour 



retention was .50 (Hays. 1963, p. 325). for 
the interaction was .17. Thus the capacity to 
recall items associated with low-arousal learn- 
ing decreased as a function of time in a char- 
acteristic forgetting pattern. On the other 
hand, the capacity to recall numbers asso- 
ciated with high-arousal learning demonstrated 
a considerable reminiscence effect. Mean 
correct recall for items learned under high 
arousal within the noise condU.on was .500 
(17fo) for short-term retention and 1.25 (42%) 
for long-term retention. Mean correct recall 
for items learned under low arousal within the 
noise condition was .750 (25%) for short-term 
retention and ,375 (13%) for long-term reten- 
tion. These results are plotted in Figure 8 in 
the Appendix. In Table 10 is reported the 
frequency of recall for the eight nonsense syl- 
lables for both high and low arousal as de- 
fined by GSR deflection for the two times 
tested. This information is reported separately 
by noise condition in Table 17 and Table 18 
in the Appendix. No systematic trends are 
present in the distribution of items which 
could account for the differences in behavior 
of high- and low-arousal learning. 

A similar analysis to the above was under- 
talcen using HR to define arousal level. Within 
each 5 the three highest mean HR values to 
stimulus terms in the eight- item list were 
designated as high arousal and the three low- 
est HR values as low arousal. Mean correct 
recall for items learned under the HR high- 
arousal condition was .938 (31%) for short- 
term retention and .813 (27%) for long-term 
retention. Mean correct recall for items 
learned under low HR arousal was .750 (25%) 
for short-term retention and .750 (25%) for 
long-term retention. These results are plotted 
in Figure 3. Arousal level as defined by HR, 
however, showed no significant effects on 
retention as summarized in Table 1 1 . Mean 
correct recall for items learned under the HR 
high arousal within the noise condition was 
.750 (25%) for short-term retention and .750 
(25%) for long-term retention. Mean correct 
recall for items learned under low arousal 
within the noise condition was .875 (29%) for 
short-term retention and .750 (25%) for long- 
term retention. These results are plotted in 
Figure 10 in the Appendix. Mean correct re- 
call for items learned under high arousal with- 
in the no-noise condition was 1.125 (39%) for 
short-term retention and .875 (29%) for long- 
term retention. Mean correct recall for items 
learned under low arousal within the no-noise 
condition was .625 (21%) for short-term reten- 
tion and .625 (21%) for long-term retention. 

These results are plotted in Figure 11 in the 
Appendix. 
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Table 10. Number of Times Each Nonsense 
Syllable Produced a High or Low 
GSR Arousal Reaction 





High Arousal 


Low Arousal 




ST 


LT 


ST 


LT 


CEF 


0 


1 


1 


2 


]EX 


2 


2 


0 


1 


DAX 


2 


3 


3 


2 


QAP 


0 


1 


1 


1 


FEH 


2 


3 


2 


0 


SIJ 


0 


1 


0 


3 


LAJ 


2 


2 


1 


1 


TOV 


2 


2 


4 


0 



40 
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Fig. 3. Differential recall of nonsense 
syllables as a function of HR arousal level. 



Table 1 1 . Summary of Analysis of Variance on 
Recall Scores for Recall Interval 
and Arousal Condition Defined by 
Heart Rate 



Source 


df 


MS 


F 


Between Subjects 


Noise 


1 


.016 


.050 


Recall 


1 


.141 


.453 


Noise X Recall 


1 


.016 


.050 


Error Between 


28 


.310 




Within Subjects 


Arousal 


1 


.391 


.493 


Arousal X Noise 


1 


.766 


.966 


Arousal X Recall 


1 


.016 


.020 


Arousal X Recall X Noise 


1 


.141 


.178 


Error Within 


28 


.792 
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Table 12. Number of Times Each Nonsense 
Syllable Produced a High or Low 
HR Arousal Reaction 



High Arousal 
ST LT 



Low Arousal 
ST LT 



CEF 

JEX 

DAX 

QAP 

FEH 

SIJ 

LAJ 



0 

3 

3 

2 

0 

1 

2 



2 

1 

3 

2 

1 

2 

0 



4 

0 

3 

0 

3 

0 

1 



0 

1 

3 
0 
2 
1 

4 




S*r!ol PetiHen 

Fig. 4. Per cent correct short-term recall 
as a function of serial position. 





Fig. 5. Per cent correct long-term recall 
as a function of serial position. 



Fig. 6. Per cent GSR deflection in train- 
ing as a function of serial position. 



Table 12 shows the number of times each 
nonsense syllable produced a high or low HR 
arousal reaction for the two times tested. This 
information is reported separately by noise 
condition in Tables 19 and 20 in the Appendix. 

Figures 4 and 5 contain plots of the serial 
position curves at short-term and long-term 
recall. It may be seen that there is a slight 
primacy-recency effect for short-term recall 
and a strong primacy effect for long-term re- 
call. From the plot of skin resistance level 
as a function of serial position in Figure 6 it 
may be seen that the primacy effect in long- 
term recall seems completely accounted for by 
the relative arousal by serial position. 

Since there is some tendency for the first 
item to contribute unduly to the high-arousal 
category, another analysis was performed with 
the item in the first serial position for each S 
omitted. The two stimulus terms (among the 
remaining seven) producing the largest GSR 
deflection were designated as high-arousal 
learning and the two producing the smallest 
GSR deflection were designated as low-arousal 
learning. Mean correct recall for items learned 
under the high-arousal condition was .375 
(19%) for short-term retention and .625 (32%) 
for long-term retention. Mean recall for items 
learned under the low-arousal condition was 
.625 (32%) for short-term retention and ,250 
(13%) for 16ng-term retention. These results 
as presented in Figure 7 are essentially the 
same as those shown in Figure 2. The analysis 
of these data ife summarized in Table 13, where 
it can be seen there is a significant Interaction 
between arousal level and time of recall {p < 
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Fig. 7. Differential recall of nonsense 
syllables as a function of GSR arousal level 
with the first item omitted. 



Table 13. Summary of Analysis of Variance on 
Recall Scores for Noise Condition, 
Recall Interval, and Arousal 
Condition Defined by GSR with 
Item in First Serial Position 
Omitted 



Source 


df 


MS 


F 


Between Subjects 


Noise 


1 


.054 


.175 


Recall 


1 


.063 


,203 


Noise X Recall 


1 


.250 


.812 


Error Between 


28 


.308 




Within Subjects 


Arousal 


1 


.063 


.192 


Arousal X Noise 


1 


.000 


.000 


Arousal X Recall 


1 


1.563 


4.795*^ 


Arousal X Recall X Noise 


1 


.250 


.767 


Error Within 


28 


.326 





% < .04 



.04). A t test between high- and low-arousal 
conditions for short-term retention was not 
significant (M15) = 1,1536). However, as in 
the previous analysis, there was a significant 
difference between high- and low-arousal con- 



ditions at 24-hour retention (f(15) = 3.9144, 

/> < .01). Thus the primary relationships be- 
tween arousal and time of recall are not essen- 
tially modified when serial position is con- 
trolled. 
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IV 

Discusaon 



The results showing GSR and HR activity 
significantly greater during learning than dur- 
ing rest are consistent with studies of An- 
dreassi and Whalen (1967), Eason, Harter, 
and Storm (1964), and the EEG wor)c of Thomp- 
son and Obrist (1964). Similarly, the strong 
correlation between basal and learning ac- 
tivity for both GSR and HR is in agreement 
with existing literature. Lacey (1956) found 
significant positive correlations between pre- 
stimulus and response levels for heart rate 
and skin conductance, while Hord, Johnson, 
and Lubin (1964) established positive relation- 
ships between prestimulus and response 
levels for heart rate, respiration rate, and 
finger temperature. These and other studies 
suggest that for nearly all autonomic nervous 
system variables, the magnitude of response 
to stimulation depends at least in part on the 
preceding level of activity. 

The correlation of +.63 between basal 
GSR and GSR change indicates that the higher 
the basal level of GSR, the smaller the re- 
sponse to the learning situation. This rela- 
tionship between basal level and degree of 
response to the learning situation was not 
true for heart rate. Such a finding would be 
important if one were giving treatments to 
groups with different basal levels of physio- 
logical activity. However, as would be ex- 
pected from the random assignment of Ss to 
treatment groups, analysis of variance for 
basal physiological level among groups yielded 
no significant differences (F < l). 

The negligible correlations between HR and 
basal skin resistance are not unusual (Stem- 
back, 1966). An individual may have a large 
skin conductance increase to a stimulus and 
very little HR increase relative to a compari- 
son group (Lacey, 1959). Furthermore, although 
an individual’s entire pattern of activation 
may be produced from one stimulus to another, 
there are also consistent differences in the 



average response pat+am produced by differ- 
ent stimulus situations (Lacey, 1963). Thus 
it is becoming increasingly evident that there 
are patterns of arousal peculiar to the indi- 
vidual and to the stimulus. 

The prediction that white noise could in- 
duce arousal and thereby facilitate long-term 
retention was not confirmed. Failure to find 
any significant effects of v/hite noise on 
either GSR or HR levels suggests that white 
noise was not an effective arousal inducer. 
Furthermore, there were no significant differ- 
ences in recall due to noise condition, recall 
interval, or the interaction between noise 
condition ana recall interval. Possibly the 
physiological recording procedure end apparatus 
combined with the learning task was so arousal- 
inducing that the addition of white noise had 
no further arousing effect. The PA task may 
also have been too difficult to test the Berlyne 
et al. (1966) findings effectively. Haveman 
and Farley (1969) found that, generally speak- 
ing, the easier the learning task the more 
likely was noise to have an effect on reten- 
tion, Further research will be required to 
substantiate these negative results. 

The existence of a significant Interaction 
between time of recall and arousal level (de- 
fined by within-S GSR deflection) replicates 
the finding of Kleinsmith and Kaplan (1964). 

The increase in the capacity to recall items 
learned under conditions of high arousal in 
contrast to items learned under low arousal 
provides some support for theory relating 
arousal to consolidation. A somewhat sim- 
plified physiological explanation of the 
processes involved may be pictured as fol- 
lows. When a person perceives a pattern, 
a closed, reverberating neural circuit is set 
up in his brain corresponding to this pattern. 

The more arousal present, the greater the 
number of times the trace is likely to rever- 
berate. And the greater this perseverative 



consolidation of the neural trace, the iixonger 
the permanent memory. 

Short-term recall for PAs learned under 
low arousal was superior to recall of PAs 
learned under high arousal but the difference 
was not significant as in the Kleinsmith and 
Kaplan (1963, 1964) studies. Thus the con- 
solidation hypothesis that greater arousal in- 
creases perseveration but results in poorer 
short-term performance was not confirmed. 

The GSR's extreme sensitivity to momen- 
tary changes can probably best explain the fact 
that GSR could be used to discriminate signi- 
ficant differences between high- and low- 
arousal and not HR. Changes in HR are likely 
to take place more slowly. 

The primary effect in long-term retention 
seems largely accounted for by the relative 
GSR arousal by serial positron. GSR arousal 
does not account for short-term retention. 
Recently there has been some guestion whether 



the reminiscence phenomenon in experiments 
like the present one is entirely attributable 
to the item presented in the first serial posi- 
tion. Walker and Tarte (1963) found that much 
of the effect was gone when the first item was 
omitted in the analysis . Items learned under 
high arousal were recalled better than those 
learned under low arousal for 2 min., 45 min., 
and 1 week retention. Most of the reminis- 
cence effect over time was gone. 

Kleinsmith and Kaplan (1964) have shown 
significant reminiscence over time if the first 
item is omitted from the data analysis. This 
was the case in the present experiment when 
the first item was omitted. Thus the data 
suggest that differential recall ability can be 
predicted on the basis of the individual S's 
arousal change during presentation of a paired 
associate and is independent of the associa- 
tion value, serial position, or other quality 
unique to the stimuli. 
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Appendix 




zs 




Fig. 8. Differential recall of nonsense 
syllables as a function of GSR arousal level 
for the noise condition. 




Fig. 10. Differential recall of nonsense 
syllables as a function of HR arousal level 
for the noise condition. 




Fig. 9. Differential recall of nonsense 
syllables as a function of GSR arousal level 
for the no-noise condition. 




Fig. 11. Differential recall of nonsense 
syllables as a function of HR arousal level 
for the no-noise condition. 



Table 14. Product- Moment Correlation Matrix for HR, GSR. and Recall Variables 
(AT = 32) 



Basal 

HR 



Basal HR 


1.000 


Learning HR 


.815 


HR Change 


-.026 


Basal GSR 


.066 


Learning GSR 


.197 


GSR Change 


-.062 


Total Recall 


.166 



Learn- HR Basal 

ing HR Change GSR 



.815 


- .026 


.066 


1.000 


.326 


-.074 


.326 


1.000 


-.154 


-.074 


-.154 


1.000 


.166 


-.112 


.804 


-.275 


-.116 


.633 


-.069 


-.311 


.189 



Learn- GSR Total 
ing GSR Change Recall 



.197 


-.062 


.166 


.166 


-.275 


-.069 


-.112 


-.116 


-.311 


.804 


.633 


.189 


1.000 


.084 


.259 


.084 


1.000 


-.055 


.259 


-.055 


1.000 
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Table 15. Product-Moment Correlation Matrix for HR„ GSR, and Recall Variables 
Based on Ss Run under the Noise Condition {N = 16) 





Basal 

HR 


Learn- 
ing HR 


HR 

Change 


Basal 

GSR 


Learn- 
ing GSR 


GSR 

Change 


Total 

Recall 


Basal HR 


1.000 


.876 


.093 


-.019 


.011 


-.046 


.146 


Learning HR 


.876 


1.000 


.436 


-.090 


-.049 


-.256 


-.060 


HR Change 


.093 


.436 


1.000 


-.282 


.033 


-.521 


-.343 


Basal GSR 


-.019 


-.190 


-.282 


1.000 


.807 


.618 


.084 


Learning GSR 


.011 


-.049 


.033 


.807 


1.000 


.034 


.078 


GSR Change 


-.046 


-.256 


-.521 


.618 


.034 


1.000 


.038 


Total Recall 


.146 


-.060 


-.343 


.084 


.078 


.038 


1.000 



Table 16. Product-Moment Correlation Matrix for HR, GSR, and Recall Variables 
Based on Ss Run under the No-Noise Condition {N = i6) 





Basal 

HR 


Learn- 
ing HR 


HR 

Change 


Basal 

GSR 


Learn- 
ing GSR 


GSR 

Change 


Total 

Recall 


Basal HR 
Learning HR 
HR Change 
Basal GSR 
Learning GSR 
GSR Change 
Total Recall 


1.000 

-700 

-.099 

.181 

.431 

-.074 

.149 


.700 
1.000 
.271 
.092 
.429 
— .266 
-.117 


-.099 

.272 

1.000 

-.026 

-.230 

.231 

-.411 


.181 

.092 

-.026 

1.000 

.795 

.652 

.236 


.431 

.429 

-.230 

.795 

1.000 

.130 

.388 


-.074 

-.266 

.231 

.650 

.130 

1.000 

-.129 


.149 

-.117 

-.411 

.236 

.388 

-.129 

1.000 



Table 17. Number of Times Each Nonsense 
Syllable Produced a High or Low 
GSR Arousal Reaction under the 
Noise Condition {N = 16) 





High Arousal 
ST LT 


Low Arousal 
ST LT 


CEF 


0 


0 


0 


1 


JEX 


1 


1 


0 


1 


DAX 


1 


1 


2 


1 


QAP 


0 


0 


1 


1 


FEH 


1 


2 


0 


0 


SIJ 


0 


0 


0 


2 


LAJ 


0 


0 


1 


1 


TOV 


1 


2 


2 


0 



Table 18. Number of Times Each Nonsense 
Syllable Produced a High or Low 
GSR Arousal Reaction under the 
No-Noise Condition (N = 16) 





High Arousal 
ST LT 


Low Arousal 
ST LT 


CEF 


0 


1 


1 


1 


JEX 


1 


1 


0 


0 


DAX 


1 


2 


1 


1 


QAP 


0 


1 


0 


0 


FEH 


1 


1 


2 


0 


SIJ 


0 


1 


0 


1 


LAJ 


2 


2 


0 


0 


TOV 


1 


0 


2 


0 
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Table 19. Number of Times Each Nonsense 
Syllable Produced a High or Low 
HR Arousal Reaction under the 
Noise Condition (N = 16) 





High Arousal 
ST LT 


Low Arousal 
ST LT 


CEF 


0 


1 


2 


0 


JEX 


1 


1 


0 


0 


DAX 


1 


1 


2 


1 


QAP 


2 


1 


0 


0 


FEH 


0 


0 


2 


2 


SIJ 


0 


1 


0 


1 


LAJ 


0 


0 


0 


1 


TOV 


0 


2 


1 


1 



Table 20. Number of Times Each Nonsense 
Syllable Produced a High or Low 
HR Arousal Reaction under the 
No-Noise Condition {N = 16) 





High Arousal 
ST LT 


Low Arousal 
ST LT 


CEF 


0 


1 


2 


0 


JEX 


2 


0 


0 


1 


DAX 


2 


2 


1 


2 


QAP 


0 


1 


0 


0 


FEH 


0 


1 


1 


0 


SIJ 


1 


1 


0 


0 


LAJ 


2 


0 


1 


3 


TOV 


2 


0 


0 


0 



20 



apo aa6-9to^2 




^■tionai ETsItfAtion Conunittce 



Helen Bain 

Immediate Past President 
national Education Association 

Lyle E. Bourne, ir. 

Institute for the Study of Intellectual Behavior 
Universiy of Colorado 

Jeanne S. Chall 

Graduate School of Education 
Harvard University 

Francis S. Chase 

Department of Education 
University of Chicago 

George E. Dickson 

College of Education 
University of Toledo 



Hugh J Pcntt 

Superintendent of Public Schools 
District of Columbia 

H. Craig Sipe 

Department of Instruction 
State University of New York 

G. Wesley So wards 

Dean of Education 
Florida International University 
Benton J. Underwood 

Department of Psychology 
Northwestern University 
Robert J. Wisner 

Mathematics Department 
New Mexico State University 



Executive Committee 
William R. Bush 

Director of Program I^anning and Management 
and Deputy Director, R & D Center 
Herbert J. Klausmeier. Cmnmittee Chairman 
Director, R & D Center 
Wayne Otto 

Principal Investigator 
R dt D Center 
Robert O. Petzc^d 

Professor of Music 
University d Wiscmisin 



Richard A. RossmUler 

Professor of Educational Administration 
University of Wisconsin 
James E. Walter 

Coordinator of Program P lanning 
R & D Center 
Russell S. Way, ex officio 

Program Administrator, Title HI ESEA 
Wisconsin Department of Public Instruction 



Faculty of Principal lavastigatora 



Vernon L. Allen 

Professor of Psychology 

Prank H. Parley 

Associate Profeasor 
Educational Psychology 

Marvin J. Fruth 

Associate Professor 
Educational Administration 

John G. Harvey 

Associate Professor 
Mathematics 

Frank H. Hooper 

Associate Professor 
Child Development 

Herbert J. Klausmeier 
Center Director 
V. A. C. Henmon Professor 
Educational Psychology 

Stephen J, Knezevich 
Professor 

Educational Administration 

Joel R. Levin 

Associate Professor 
Educational Psychology 



L. Joseph Lins 
Professor 

Institutional Studies 

Wajme Otto 
Professor 

Curriculum and Instruction 
Thomas A. Romberg 
Associate Professor 
Curriculum and Instruction 

Peter A. Schreiber 

Assistant Professor 
English 

Richard L. Venezky 

Associate Professor 
Computer Science 

Alan M Voelker 

Assistant Professor 
Curriculum and Instruction 
Larry M. Wilder 

Assistant Professor 
Communication Arts 




